(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

10.12.1997 Bulletin 1997/50 

(21) Application number: 97303870.6 

(22) Date of filing: 05.06.1997 



(11) EP0 811 488 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCL&: B41J 2/05 



(84) Designated Contracting States: 


(72) Inventor Tamura, Yasuyuki 


AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 


Ohta-ku, Tokyo (JP) 


NLPTSE 




Designated Extension States: 


(74) Representative: 


AL LT LV RO SI 


Bereeford, Keith Denis Lewis et al 




BERESFORD & Co. 


(30) Prbrity: 07.06.1996 JP 145975/96 


2-5 Warwick Court 


31.07.1996 JP 200866^96 


High Holborn 




London WC1R5DJ (GB) 


(71) Applicant: CANON KABUSHIKI KAISHA 




Tokyo (JP) 





CM 

< 

00 
CO 



00 

o 

LU 



(54) Recording head and recording apparatus 

(57) Disclosed is a reliable recording head free from 
any operation error. M x N recording elements are di- 
vided into N blocks each having M recording elements, 
and are driven for every M recording elements N times. 
M X N driving circuits energize and drive the M X N 
recording elements. A selection circuit outputs N block 
selection signals for selecting the N bkx:ks to be divi- 
sionally driven. An input circuit inputs recording data 
corresponding to the M recording elements. An output 
circuit outputs a driving signal to the driving circuits in 
accordance with the recording data input from the input 
circuit and the block selection signals. The selection cir- 
cuit outputs the N block selection signals on the basis 
of L (L < N) control signals. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a recording head 
and a recording apparatus using it and. more particular- 
ly, to a recording head of an ink jet type in which an ink 
is ejected using themrtal energy, and a recording appa- 
ratus using rt. 

Related Background Art 

In a recording head of the ink jet type in whch re- 
cording is performed using thermal energy, a heating el- 
ement is arranged on a flow path communicating with 
an ejectbn outlet for ejecting an inkdroplet. This heating 
element is energized for atx>ut several \l sec to generate 
bubbles in the ink and eject ink droplets, thereby per- 
forming recording. In this recording head, large numbers 
of ejectk>n outlets and heating elements can be easily 
arranged at a high density to enable recording of a high- 
resolution image. 

If all the heating elements of this recording head are 
simultaneously driven, a current fk>wing at once increas- 
es. Normally, several ten or hundred heating elements 
are divided into about 4 to 8 blocks, and driving timings 
tor the respective blocks are slightly shifted from each 
other to suppress the current flowing at orK:e small. 

If lines for supplying power to the respective heating 
elements are externally arranged to the recording head 
in order to drive the many heating elements, the number 
of wiring lines increases to complicate the electrical con- 
nection between the recording head and a recording ap- 
paratus main assembly mounting it For this reason, the 
recording head normally irK»rporates a driving circuit for 
the heating elements to prevent an increase in the 
number of wiring lines between the recording head and 
the recording apparatus. This driving circuit is arranged 
independently of the board df the heating elements, and 
they are connected by wire bor^ing or the like. 
Recently, an Si (siliconj wafer including a driving circuit 
has widely been used as the board of the heating ele- 
ments. 

This driving circuit can be variously constituted, and 
typical arrangements thereof will be described below. 

(1) As the rrK>st popular arrangement, the driving 
circuit comprises a shift register having bits equal 
in number to heating elements, a latch circuit, gates, 
arKt transistors. Recording data is serially trans- 
ferred from the recording apparatus to the shift reg- 
ister, and latched. This latched signal drives a tran- 
sistor through a gate corresponding to a driving sig- 
nal supplied for each block. 

(2) In this arrangement, a dkxle matrix is empk>yed. 
That is, heating elements are wired in an N X M 



matrix, and diodes are arranged in series with the 
respective heating elements in order to avoid cross- 
talk of currents between the respective heating el- 
ements. Therefore, the number of wiring lines for 
s connecting the recording head to the outskje is only 
N + M. 

(3) This arrangement uses a transistor matrix and 
a circuit in which transistors are an-anged in corre- 
spondence with respective heating elements, each 

10 collector is connected to one end of a con'espond- 
ing heating element, and the emitters are commonly 
connected. The power supply lines for the heating 
elements and the base signal lines for the transis- 
tors are wired in a matrix to drive them. Therefore, 

IS the number of wiring lines for connecting the record- 
ing head to the outside is larger than that of the ar- 
rangePDent using the dkxie matrix by only the com- 
mon wiring line for the emitters. The trartsistor may 
be a bipolar transistor or an FET 

20 

The atx3ve conventional driving circuits, however, 
have the following problems. 

^4ore specifically, although the number of wiring / 
lines to be connected is advantageously small in the ar- 

25 rangement (1 ) having the shift register and the latch cir- 
cuit, the circuit is bulky and its cost is high. Particularly, 
when many heating elements are used, the manufactur- 
ing yiekJ of the driving circuit is low, greatly increasing 
the cost. In driving the heating elements, a large current 

30 instantaneously flows to generate strong electrk:at 
noise. In the circuit with this arrangement, since many 
flip-flops are driven with high-speed clocks, data in the 
shift register may be shifted by the noise or may change. 
In additk>n, since the heating elements are divkied into 

3S a plurality of bkx:ks, and driven at slightly different op- 
eration timings, strong noise is repeatedly generated 
during one data transfer, further increasing the proba- 
bility of an operation error. 

In the circuit using the diode matrix or the transistor 

40 matrix, noflip-flop is basrcally used. Even if strong noise 
is mixed, the circuit normally operates except the noise 
mixture moment. The instantaneous noise does not in- 
fluence the subsequent operatk>n. so operation errors 
rarely occur. Normally, while the driving time of the heat- 
hs tng elements in one recording operation is several ^sec, 
the rK>ise generatkxi time is about 10 nsec, and the in- 
fluence of noise can be ignored. However, in either of 
the two circuit arrangements, the power line must be 
switched at a high speed by a circuit on the recording 

50 apparatus skle for driving the driving circuit in the re- 
cording head. For this reason, the driving circuit on the 
recording apparatus side becomes bulky and requires 
high cost. Further, the power k>ss is targe due to the 
presence of two transistors between the power supply 

55 and ground of the recording head to perform switching 
on the positive and negative skJes of the heating ele- 
ment. 

In the matrix drive circuit using the dkxie matrix or 
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Figs. 4A. 4B, 4C, 4D. 4E. 4R 4G and 4H are timing 
charts showing driving timings for the recording 
head IJH having the arrangement shown in Fig. 3; 
Fig. 5 is a block diagram showing the arrangement 
5 of the driving circuit of a recording head IJH accord- 
ing to the second embodiment; 
Figs. 6A, 6B, 6C, 6D, 6E, 6F. 6G and 6H are timing 
charts showing driving timings for the recording 
head IJH having the arrangement shown in Fig, 5; 
10 Fig. 7 is a block diagram showing the arrangement 
of the driving circuit of a recording head IJH accord- 
ing to the third embodiment; 
Fig. 8 is a circuit diagram showing the arrangement 
of a driving circuit according to the fourth embodi- 
es ment of the present inventkx); 

Fig. 9 is a block diagram showing an example of the 
circuit arrangement for supplying a temperature 
preservatkyi/heating signal to the circuit in Fig. 8; 
and 

20 Fig. 1 0 is a circuit diagram showing the arrange- 
ment of a driving circuit according to the fifth em- 
bodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
2S EMBODIMENTS 



the transistor matrix, N + M or more signal lines are re- 
quired. Accordingly, the number dt wiring lines for elec- 
trically connecting the recording head and the recording 
apparatus disadvantageousty increases in the record- 
ing head which has a large numt>er of nozzles, i.e., 
drives many heating elements. As a result, the cost in- 
creases, and the reliability is degraded. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
compact, bw-cost recording head with high reliability 
free from any operation error, and a recording apparatus 
using it. 

According to the present inventk>n, there is provid- 
ed a recording head comprising M X N recording ele- 
ments which are divkied into N blocks each having M 
recording elements and are driven for every M recording 
elements N times, M X N driving circuits for energizing 
and driving the M X N recording elements, a selecton 
circu it for outputting N block selectkxi signals for select- 
ing the N blocks to be divisior^lly driven, an input circuit 
for inputting recording data corresponding to the M re- 
cording elements, and an output circuit for outputting a 
driving signal to the driving circuits in accordance with 
the recording data input from the input circuit and the 
block selection signals, wherein the selection circuit out- 
puts the N bkx:k selection signals on the basis of L (L < 
N) control signals. 

According to the present inventk>n, there is provid- 
ed a recording apparatus comprising a recording head, 
the recording head comprising M X N recording ele- 
ments which are divkied into N blocks each having M 
recording elements and are driven for every M recording 
elements N times, M X N driving circuits for energizing 
and driving the M X N recording elements, a selection 
circuit for outputting N block selectkyi signals for select- 
ing the N blocks to be divisionally driven, an input circuit 
for inputting recording data corresponding to the M re- 
cording elements, an output circuit for outputting a driv- 
ing signal to the driving circuits in accordance with the 
recording data Input from the input circuit and the block 
selecton signals, wherein the selection circuit outputs 
the N block selection signals on the basis of L (L < N) 
control signals, means for supplying the recording data 
to the recording head, and means for supplying the L 
control signals to the recording head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the schematic 
outer appearance of an ink jet printer IJRA accord- 
ing to a typk^l embodiment of the present invention; 
Fig. 2 is a block diagram showing the arrangement 
of the control circuit of the Inkjet printer IJRA; 
Fig. 3 is a block diagram showing the arrangement 
of the driving circuit of a recording head IJH accord- 
ing to the first embodiment; 



Preferred embodiments of the present invention will 
be described in detail bek>w with reference to the ac- 
companying drawings. 

30 

<Schematic Description of Apparatus Main Assembly> 

Fig. 1 is a perspective view showing the schematk: 
outer appearance of an ink jet printer (to be referred to 

35 as a printer hereinafter) IJRA according to a typical em- 
bodiment of the present invention. In Fig. 1, a pin (not 
shown) is arranged on a carriage HC engaged with a 
spiral groove 5004 of a lead screw 5005 which is inter- 
kx:ked with forward/reverse rotatkxi a driving motor 

40 501 3 to rotate through driving force transmisskjn gears 
5009 to 5011 . The carriage HC is supported by a gukie 
rail 5003 to reciprocally rmjve in directions indicated by 
arrows a and b. An integral ink jet cartrkige I JC incorpo- 
rating a recording head IJH arKi an ink tank IT is rrKXJnt- 

45 ed the carriage HC. A paper press plate 5002 press- 
es a recording paper sheet P against a platen 5000 over 
the movenr^ent direction of the carriage HC. Photocou- 
plers 5007 and 5008 sen^e as home position detectors 
for, e.g., checking the presence of a carriage lever 5006 

50 in this range and switching the notatbn direction of the 
driving nrxjtor 501 3. A member 501 6 supports a capping 
member 5022 which caps the front surface of the re- 
cording head IJH. A sucking member 5015 sucks the 
interbr of the cap to perform suctkxi/recovery of the re- 

55 cording head through an intra-cap opening 5023. A 
member 501 9 albws a cleaning blade 50 1 7 to move for- 
ward and backward, and they are supported by a main 
assembly support plate 5018. The blade is not limited 
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to this form, and a known cleaning blade is applicable 
to this embodiment, as a matter of course. A lever 5021 
for starting suction of suction/recovery moves together 
with a cam 5020 engaged with the carriage, while a driv- 
ing force Uom the driving motor is controlled by a known 
transmission mechanism such as a clutch switch. 

Desired capping, cleaning, and suclbn/recovery 
can be performed at corresponding positions by the 
function of the lead screw 5005 when the carriage 
comes to the home position skle. If they are desirably 
performed at known timings, these operatkxis is appli- 
cable to this embodiment. 

<Descriptkxi of Control Arrangement> 

A control arrangement for executing recording con- 
trol of the above-mentioned apparatus will be described 
below. 

Fig. 2 is a block diagram showing the arrangement 
of the control circuit the printer IJRA. In Fig. 2 showing 
the control circuit, an interface 1700 inputs a recording 
signal, a program ROM 1702 stores a control program 
executed by an MPU 1701. and a dynamic RAM 1703 
stores various data (the recording signal, recording data 
supplied to the head, and the like). A gate array 1704 
controls the supply df the recording data to the recording 
head IJH. and also controls data transfer between the 
interface 1700, the MPU 1701. and the RAM 1703. A 
carrier motor 1710 conveys the recording head 1708, 
and a convey motor 1709 conveys the recording paper 
sheet. A head driver 1705 drives the head, and motor 
drivers 1706 and 1707 respectively drive the convey 
rndtor 1709 and the carrier motor 1710. 

The operatkxi df the above control arrangement will 
be explained. When the recording signal is input to the 
interface 1 700. it is converted to print recording data be- 
tween the gate array 1704 and the MPU 1701 . The mo- 
tor drivers 1706 and 1707 are driven, and at the same 
time the recording head is driven in accordance with the 
recording data sent to the head driver 1705 to perform 
recording. 

Three embodiments of the recording head IJH used 
in the printer IJRA having the above arrangement will 
be described bek>w. Throughout the embodiments to be 
described below, the recording head IJH has 128 re- 
cording elements, the recording elements are divided 
into 16 bkxks (division number N: 16) each having 8 
recording elements, and a total of 8 recording elements, 
i.e.. one recording element of each bkx:k are simultane- 
ously driven (simultaneous driving recording element 
count M: 8). 

In the three embodiments, the same reference nu- 
merals (symbols) denote the same constituent ele- 
ments. 

<First Embodiment of Recording Head 1 JH> 

Fig. 3 is a block diagram showing the arrangement 



of the driving circuit of a recording head IJH according 
to the first embodiment. In Fig, 3, a 4 to 16 decoder 100 
decodes block control signals B1 , B2, B3, and B4 sup- 
plied from the printer IJRA to generate bkx;k selectkxi 
s signals N1. N2...., N16. An inverter 101 inverts an ena- 
ble signal ENB supplied from the printer IJRA. Sixteen 
AND circuits 102 calculate the ANDs between the in- 
verted enable signal ENB and the respective bkx:k se- 
lection signals N1, N2,.... N16. Heating elements HI to 
H128 are energized by power transistors T1 to T128, 
and AND circuits A1 to A128 correspond to the power 
transistors T1 toT128. 

The AND circuits Al to A1 28 calculate the ANDs be- 
tween recording signals D1 to DS input from the printer 
IJRA and the bkx;k selection signals N1 , N2..... N16. 

As is apparent from this arrangement, the divisbn 
number (N) of recording elements is 1 6. ar^ the 1 6 bkx:k 
selectkxi signals N1, N2,..., N16 are generated by the 
decoder on the basis of the block control signals B1 , B2, 
B3, and B4 input through 4 signal lines (L). To certainly 
prevent the heating elements HI to HI 28 from being 
driven by an operation error, a signal line for supplying 
the enable signal ENB is arranged. 

Figs. 4A to 4H are timing charts showing driving tim- 
ings for the recording head IJH having the arrangement 
shown in Fig. 3. According to the timing charts, signals 
representing 0 (000 in binary expressbn) to 15 (1111 in 
binary expression) are sequentially sent in combinatk>n 
of the bkx^k control signals B1 to B4 (Figs. 4A to 4D) 
sent from the printer IJRA. In response to these signals, 
the block selection signals N1 to N1 6 as the outputs from 
the 4 to 16 decoder 100 rise {"high") one by one. These 
bkx:k selectbn signals are supplied to the AND circuits 
Al to A128 and the power transistors T1 to T128, and 
to the heating elements HI to HI not directly but through 
the AND circuits 102. 

The AND circuits 102 receive the inverted signal of 
the enable signal ENB (Fig. 4E) sent from the printer 
IJRA. Only when the enable signal ENB is "tow", the 
bkx:k seiectk)n signals N1 to N16 are supplied to the 
heating elements to drive them. 

The heating times (several jisec) and timings of the 
heating elements can be determined by the enable sig- 
nal ENB or the recording signals D1 to D8 (Figs. 4F to 
4H), or may be controlled using double pulses as the 
enable signal. In this circuit, the heat pulse width can be 
controlled for each heating element by controlling the 
data pulse wkith, thereby finely controlling ejection of 
the ink jet head. 

In the arrangement shown in Fig. 3. 15 signal lines 
including a supply line for the power supply voltage (V^) 
and a signal line for the ground voltage (Gh) (8 signal 
lines for the recording signals D1 to D8, 4 signal lines 
for the bkx:k control signals B1 to B4, and signal lines 
respectively for the enable signal ENB, the power supply 
voltage (V^). and the ground voltage (G^)) are arranged 
between the recording head IJH and the printer IJRA. 
According to this embodiment, the heating ele- 
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ments are drrven not directly by the block selection sig- 
nals obtained by decoding the block control signals sup- 
plied from the printer IJRA but by the enable signal and 
the bkx:k selectbn sigr^. Therefore, the heating ele- 
ments are prevented from being drrven by, e.g., an op- 
eration error of the decoder. SirK:e the N block selectbn 
signals are generated from the L (L < N) bkx:k control 
signals, the number of signal lines extending from the 
printer main assembly can be further decreased. 

<Second Embodiment d Recording Head IJH> 

Fig. 5 ts a block diagram showing the arrangement 
of the driving circuit of a recording head IJH according 
to the secorxJ embodiment. In this circuit, the recording 
signals D1 to D8 supplied to the recording head IJH of 
the first embodiment are supplied through a shift register 
and a latch circuit. In 

Fig, 5, an B-bit shift register 103 serially receives 
recording data DATA in response to a clock signal CK 
supplied from the printer IJRA. An 8-bit latch circuit 104 
latches the 8-bit recording data DATA stored in the 8-bit 
shift register 103 in response to a latch signal LATCH 
supplied from the printer IJRA. An AND circuit 105 cal- 
culates the AND between the enable signal ENB and 
each bit of the 8-bit data latched in the 8-bit latch circuit 
104. 

The outputs from the AND circuit 105 are supplied 
as the recording signals D1 to DS to the heating ele- 
ments. The driving timings and pulse widths of the heat- 
ing elements are determined by these outputs and the 
block selectkxt signals N1 to N16 as the outputs from a 
4 to 1 6 decoder 1 00. Compared to the first embodiment, 
the enable signal ENB becomes active with positive log- 
k: in the second embodiment. That is, when the enable 
signal ENB is "high*, the heating elements are driven. 

In the arrangenDent shown in Fig. 5, 10 signal lines 
including a supply line for the power supply voltage (V^) 
and a signal line for the ground voltage (G^) (4 signal 
lines for the bkx:k control signals B1 to B4, and signal 
lines respectively for the recording data DATA, the clock 
CK, the enable signal ENB, the latch signal LATCH, the 
power supply voltage (V^), and the ground voltage (G^)) 
are arranged between the recording head IJH and the 
printer IJRA. In this nnanner, the number of signal lines 
in this arrangement becomes much snnaller than that in 
the arrangement of the first embodiment. 

Figs. 6 A to 6H are timing charts showing driving tim- 
ings for the recording head IJH shown in Fig. 5. Accord- 
ing to the timing charts, the timing for serially trar^f er- 
ring the recording data to the 8-bit shift register 103 is 
shifted from the timing fcx driving the heating elements. 
Generation of noise concentrates around the edge of 
the heat pulse (enable signal ENB). However, under the 
control as shown in Figs. 6A to 6H, the timing of the en- 
able signal ENB may come near or overlap the data 
transfer timing once or twice in one data transferal nrK>st. 
Therefore, the probability of an operation error can be 



substantially ignored. 

Under the control of the MPU 1701 of the printer 
IJRA through the head driver 1705, noise is prevented 
from being generated by the heating element whk:h is 
5 erroneously driven during transfer of the recording data. 
The probability of an operation error can be substantially 
ignored. 

According to this embodiment, occurrence of an op- 
eration error can be prevented by controlling recording 
so as not to drive the heating element, which is the 
cause of noise, during transfer of the recording data. 

By arranging the shift register and the latch circuit 
on the driving circuit, the number of signal lines between 
the printer IJRA and the recording head is further de- 
creased. A cable connecting the recording head and the 
printer is shortened, realizing the downsizing and cost 
reduction of the apparatus. 

If the recording data is transferred after driving the 
heating elements, as shown in Figs. 6A to 6H, the 8-bit 
latch circuit 1 04 shown in Fig. 5 can be omitted to further 
downsize the circuit. 

Note that AND gates for cateulating the ANDs be- 
tween the block select'on signals N1 to N16 as the out- 
puts from the 4 to 1 6 decoder 1 00 and the enable signal 
ENB may be arranged in the atx3ve arrangement, like 
the first ennbodiment. With this arrangement, the heating 
elements can be more certainly prevented from being 
driven by an operation error. 

For a recording head having a large number of heat- 
ing elements, the capacity of the shift register may be 
increased. However, to drive the many heating elements 
without increasing the ckxjkfrequency, aplurality of shift 
registers and latch circuits may be arranged, while the 
decoder is comnrK>nly used for the heating elements 
driven by the indivkJual shift registers. 

<Third Embodiment of Recording Head IJH> 

Fig. 7 is a bkx;k diagram showing the arrangement 
of the driving circuit of a recording head IJH according 
to the third embodiment. In this circuit, 8 flip-flop circuits 
and a 3 to 8 decoder for decoding data selection signals 
SI , S2. and S3 corresponding to 3 bits replace the B-bit 
shift register 103 incorporated in the recording head IJH 
of the second embodiment. In Fig. 7. a 3 to 8 decoder 
106 and flip-flop circuits 107 are aranged. 

In Ihe driving circuit having this arrangement, the 
recording data DATA is serially transferred, as in the 
second embodiment. One bit is heki by one of the flip- 
flop circuits 107 selected in accordance with.the output 
sent from the 3 to 8 decoder 106 in synchronism with 
the transfer. After all data corresponding to 8 bits is hekJ 
by the flip-flop circuits 107, it is stored in a latch circuit 
104. The remaining arrangement is similar to the second 
embodiment. 

In this embodiment, the number of signal lines be- 
tween the recording head IJH and the printer IJRA is 1 2 
(4 signal lines for the bkx:k control signals B1 to B4, 3 
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signal lines for the data selection signals SI to S3, and 
signal lines respectively tor the recording data DATA, 
the enable signal ENB, the latch signal LATCH, the pow- 
er supply voltage (Vh). and the ground voltage (G^)). 
The number of signal lines is slightly larger than that in 
the second embodiment using the shift register. Howev- 
er, in the use of the shift register, the whole array of 
transfer data shifts if only 1 -pulse noise is mixed in the 
clock signal CK, and dots are recorded at erroneous po- 
sitions. To the contrary, in this embodiment, even if noise 
corresponding to 1 -bit data is similarly mixed during data 
transfer, the occurrence range of an operation error is 
limited to only this one bit. 

In this manner, according to this embodiment, the 
occurrence range of an operatkxi error upon noise mix- 
ing can be further localized. As in this embodiment, the 
circuit using the flip-flop is much snnaller in size than the 
shift register. Therefore, the probability an operation 
error due to noise can be further reduced in terms of the 
circuit arrangement 

In this embodiment, similar to the second ennbodi- 
ment, the recording head having a large number of heat- 
ing elements nray comprise a plurality of latch circuits 
and a 3 to 8 decoder in order to drive the nnany heating 
elements without increasing the clock frequency. 

When an Si board or the like is used for the heating 
elements, the driving circuit of the above-described re- 
cording head can be built in the board. Alternatively, the 
driving circuit may be connected as a board having the 
heating elements. This driving circuit is applicable to a 
socalled side shooter type recording head which ejects 
the ink in the directkxi vertical to the board of the heating 
elements, or a so-called edge shooter type recording 
head which ejects the inkfrom the er>d face of the board 
in the directkxi parallel to the board. 

Main part of the driving circuit of the recording head 
according to the above-described three embodiments is 
basically a matrix circuit Even if an operatkxi error oc- 
curs due to noise, its influence time is much shorter than 
the driving time of the heating element, i.e.. only a noise 
occurrence time of about 10 nsec. so ink ejectkxi is 
hardly influenced. That is. compared to a case wherein 
a recording operatk)n is performed by only selecting the 
recording elements, a reliable recording operatkxi can 
be executed white further suppressing the probability of 
an operatkxi error. 

<Fourth Embodiment of Recording Head IJH> 

Fig. 8 is a block diagram showing the electrical con- 
figuratkxi of ejectkxi heaters and a driving circuit in this 
embodiment. In this circuit, a temperature sensor (not 
shown) is built in a board to atk>w monitoring the tem- 
perature of a print head on the basis of the output. This 
circuit is constituted by adding an OR ^te circuit 1 34 to 
the recording head IJH of the second embodiment. Both 
the shift register 1 03 and the latch circuit 1 04 are denot- 
ed by a reference numeral 1 32. 



Eight print data DATA corresponding to eight ejec- 
tion heaters to be simultaneously driven are input to the 
shift register 132 in synchronism with a ckx:k signal 
CLX, and latched in response to a latch signal LA The 

s 8 data latched by the shift register 132 are sent to an 
AND gate circuit 105 through the OR gate circuit 134. 

The OR ^te circuit 1 34 is the main part of this em- 
bodiment, and has 8 OR gates each having one input 
terminal for receiving print data and the other input ter- 

10 minal for receiving a temperature preservation signal 
SUB. The temperature presen/atkxi signal SUB is a sig- 
nal for applying energy to the ejectkxi heater to such a 
degree nc^ to but)ble or eject the ink. The energy amount 
is property determined in accordance with the arrange- 

is ment, size, and the like of the ejection heater. For ex- 
ample, the temperature preservation signal SUB can be 
set as a signal having a high-level perkxJ of 0.3 ^sec 
and a frequency of 1 MHz. This signal is continuously 
supplied when the temperature of the print head is k>wer 

20 than a predetermined value, and its supply is stopped 
when the temperature of the print head exceeds a pre- 
determined temperature. 

The AND gate circuit 105 has 8 AND gates each 
having one input terminal for receiving the output from 

2S the OR gate, and the other input terminal for receiving 
the enable signal ENB. The enable signal ENB is a pulse 
signal used to define an optimal width for ejecting the 
ink by driving the ejectkxi heater. 

The outputs from the AND gate circuit 105 and the 

30 outputs from a decoder 100 are ANDed by AND gates 
A1 to A128 corresponding to ejection heaters HI to 
HI 28. By the AND outputs, transistors T1 to T128 as 
power centred elements are driven. Note that the tran- 
sistor may be of a bipo^r type or a MOS type. 

35 When an Si board is used for the ejectkxi heaters, 
the at>ove circuit can t>e easily formed on this board by 
a normal IC manufacturing process. 

In this embodinnent, when the printer is in a non- 
print state, •non-driving* data DA is sent as print data. 

40 while the enable signal ENB is supplied. If the temper- 
ature preservatkxi/heating signal SUB is supplied in ac- 
cordance with the temperature of the print head, the 
temperature of the print head can be increased, and the 
print head can be kept at a proper temperature. 

45 The temperature preservatkxi/heating signal SUB 
need not be changed depending on whether printing is 
being performed. This is because, even if the signal is 
supplied to one input terminal of the OR gate, the OR 
gate functions to supply predetermined print data to an 

50 ejection heater associated with the printing operatkxi 
during the operatkxi. In additkxi. no excess driving sig- 
nal is supplied to the ejection heater driven to perform 
ejection in accordance with the print data. 

The temperature presen^tkxi/heating signal SUB 

ss can be generated using an arrangement shown in Fig. 
9. This arrangement connprises an oscilbtkxi (OSC) 
means 201 for outputting a signal with the above pulse 
width at the above frequency, a compare means 202 for 
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comparing the temperature information of the print head 
with preserved temperature information, and supplying 
a predetermined output when the head temperature is 
lower, and an AND gate 203 for receiving the outputs 
from the oscillaticvi means 201 and the compare means 
202. and outputting an oscillation output as the temper- 
ature preservation/heating signal SUB only when the 
head temperature is low. 

Although this circuit can be arranged integrally with 
the print head, it can be arranged on the printer main 
assembly side in order to prevent an increase in print 
head size. In this case, for example, this circuit can be 
constituted as hardware using a logical circuit in a con- 
troller generally arranged in a printer, or some or all of 
its functions can be realized by software. As for a means 
for supplying the temperature infomnation of the print 
head, a diode, a resistor, or the like incorporated in the 
print head can be used as a temperature sensor. Alter- 
natively, a means for estimating the head temperature 
by a logic operation or the like based on the outer tenv 
perature and driving conditk»ns in accordance with an 
image to be printed can be empbyed. 

In a conventional method of controlling the temper- 
ature by a heating element independently of the ejection 
heater, if a print operation starts during increasing the 
temperature of the print head by driving the heating el- 
ement, heat generated upon the print operation may be 
applied to excessively increase the temperature of the 
print head. Whether such a phenomenon occurs de- 
pends on the contents of image data To suppress oc- 
currence of this pherKxnenon requires complk3ted con- 
trol. 

To the contrary, in this embodiment, since no excess 
heat is generated when print data instructing 'ejecton" 
is output, this pherKxnerK)n can be prevented. 

In this embodiment, the width of the pulse signal 
supplied as the enable signal EN B is frequently adjusted 
in accordartce with variations in characteristics due to, 
e.g.. variatk)ns in size of the ejection heaters in nnanu- 
facturing. Thisadjustment is performed to make the heat 
generation amount atnrK>st constant regardless of the 
variations in characteristk:s of the ejection heaters. In 
this embodiment, since the application perkxl of the 
temperature preservation/heatFng signal SUB to the 
ejection heater is also defined by the enable signal, the 
heat generatron amount for temperature preservation 
can be made atrrKist constant without adjusting the sig- 
nal SUB itself. This advantage is attained because the 
means (OR gate circuit 1 34) for supplying a signal for 
causing the ejectkx) heater to generate heat regardless 
of print data is arranged on the upper stream side of the 
signal flow than the mearts (AND gate circuit 105) for 
controlling the width of the putse signal to be supplied 
to the ejection heater. 

In this embodiment, the transistors serving as pow- 
er supply control elements, and the shift register sewing 
as a k>gic circuit for sorting and distributing driving sig- 
nals in accordance with print data, and the like are inte- 



grally arranged on the heater board. The number of wir- 
ing lines between the print head and the printer main 
assembly using it can be decreased. If intemal wiring 
lines to the circuit 1 34 having a group of OR gates as 

s the main part of this embodiment, and to the respective 
OR gates are simultaneously fomied. only one comrTK>n 
wiring line is added between the circuit 1 34 and the print- 
er nnain assembly. 

In this embodiment, a plurality of heating elements 

10 (ejectkxi heaters) are wired in an N X M nrtatrix. and the 
k>gic circuit separately drives every M heating elements 
N times to drive all the heating elements. The number 
of output signal lines extending from the shift register 
for sorting and d^tributing print data is M. so that the 

IS number of required OR gates is also M to downsize the 
OR gate circuit. 

In additkxi. when a diode matrix circuit is employed, 
the gate circuit must be not a simple logic circuit but a 
power control circuit. In the arrangement of this emlxxJ- 

20 iment, however, no power control circuit is required. 

Note that the number of heating elements, the 
number of heating elements to be simultaneously driv- 
en, the division number, and the like, whk:h are de- 
scribed above, are merely examples, and are arbitrarily 

2S determined, as a matter of course. 

<Fifth Embodiment of Recording Head IJH> 

In the fourth embodiment, the means for supplying 
30 a signal for causing the ejectkx) heater to generate heat 
regardless of print data is arranged on the upper stream 
skJe of the signal flow than the means for controlling the 
width of the pulse signal to be supplied to the ejectbn 
heater. This means is also effectively arranged immedi- 
35 ately before the power control means in the signal flow. 
Fig. 10 shows an example of this arrangement. OR 
gates 01 to 0128 each for receiving the AND output 
and the temperature preservation/heating signal SUB 
and supplying an OR output are inserted between tran- 
40 sistors T1 to T1 28 and AND gates A1 to A1 28, respec- 
tively. With this arrangement, when the temperature 
presentation/heating signal SUB is supplied to the OR 
gates 01 to 0128, ejection heaters HI to HI 28 are 
caused to generate heat regardless of various signals 
45 supplied to the print head, thereby heating the print head 
and keeping its temperature. 

More specifically, in the arrangement Fig. 8 ac- 
cording to the fourth emtxxJiment, when the ambient 
temperature is very bw. the heat generation anrxxjnt 
50 may be short, and to increase the temperature of the 
print head requires a long time. This is because the tem- 
perature preservation/heating signal SUB is supplied to 
only a group of ejectkxi heaters whk:h are selected by 
the decoder 100 and simultaneously driven in printing 
55 an image. 

To the contrary, in thfe embodiment, since the tem- 
perature preservation/heating signal SUB is also sup- 
plied to ejection heaters whk:h are not selected by the 
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decoder 1 00 at that time, all the ejection heaters can be 
caused to generate heat. Even when the ambient tem- 
perature is very bw. the temperature of the print head 
can be quickly increased. If such a case need not be 
considered, the circuit ol the fourth embodiment is also 
effective, as a matter of course. 

In the circuits of Figs. 8 arwJ 10. the temperature 
preservation/heating signal SUB having a predeter- 
mined energy anrtount is supplied to one input terminal 
of each of all the OR gates. A plurality of temperature 
preservation/heating si^ials SUB having different ener- 
gy amounts can be selectively supplied. 

For example, in the use of a s&cailed elongated 
print head in which the alignment range of ejection out- 
lets or ejection heaters is wide, the temperature may 
vary in this alignment. To cope with such a case, a plu- 
rality of temperature detection elements may be ar- 
ranged on the print head, arKt one of a plurality of tem- 
perature preservatiorVheating signals nnay t>e selected 
and supplied in corresporidence with each detected 
temperature. 

In the arrangement of Fig. 8, one OR gate for sup- 
plying the temperature presen^tion/heating signal cor- 
responds to 1 6 ejection heaters, which are close to each 
other. If the tennperature preservation/heating signal 
SUB having a proper energy amount is supplied in ac- 
cordance with the detected temperature, the tempera- 
ture of the print head can be partially controlled. 

The present invention is particularly suitable for use 
in an ink jet recording head and recording apparatus 
wherein thermal energy generated by an electrothermal 
transducer, a laser beam or the like is used to cause a 
change of state of the ink to eject or discharge the ink. 
This ^ because the high density of the picture elements 
and the high resotutkxi of the recording are possible. 

The typical structure and the operational principle 
of such devices are preferably the ones disclosed in U. 
S. Patent Nos. 4,723,129 and 4.740,796. The principle 
and structure are applicable to a so^lled on-demartd 
type recording system and a continuous type recording 
system. Particularly, however, it is suitable for on-de- 
mand type because the pririciple Is such that at least 
one driving signal is applied to an electrothermal trans- 
ducer disposed on a liquid (ink) retaining sheet or liqukJ 
passage, the driving signal being enough to provkie 
such a quick temperature rise beyond a departure from 
nucleatkxi boiling point, by which the thermal energy is 
provided by the electrothermal trar^ucer to produce 
film boiling on the heating portion of the recording head, 
whereby a bubble can be formed in the Tquid (ink) cor- 
responding to each ol the driving signals. By the pro- 
ductkxi, development and contractkxi of the bubble, the 
\iquki (ink) is ejected through an ejection outlet to pro- 
duce at least one droplet The driving signal is preferably 
in the form of a pulse, because the development and 
contraction of the bubble can bet effected instantaneous- 
ly, and therefore, the liquid (ink) is ejected with quk;k re- 
sponse. The driving signal in the form of the pulse is 



preferably such as disclosed in U.S. Patents Nos. 
4,463,359 and 4,345,262. In ^ition, the temperature 
increasing rate of the heating surface ts preferably such 
as disctosed in U.S. Patent No. 4.313.124. 
s The structure of the recording head may be as 
shown in U.S. Patent Nos. 4.558,333 and 4.459,600 
wherein the heating portkxi is disposed at a bent portion, 
as well as the structure of the combination of the ejectk>n 
outlet, liquid passage and the electrothermal transducer 
as disclosed in the above-mentioned patents. In addi- 
tion, the present invention is applk:able to the structure 
disclosed in Japanese LakJ-Open Patent Applcation 
No. 59-123670 wherein a common slit is used as the 
ejection outlet for plural electrothermal trarisducers, arKi 
to the structure disck>sed in Japanese Laki-Open Patent 
Applkation No. 59-138461 wherein an opening for at)- 
sorbing pressure waves of the thermal energy is formed 
corresponding to the ejecting portkxi. This is because 
the present inventbn is effective to perform the record- 
ing operatkxi with certainty arKi at high effk:ierK:y re- 
gardless of the type of recording head. In additon, the 
present inventk>n is applicable to a serial type recording 
head wherein the recording head is fixed on the main 
assembly, to a replaceable chip type recording head 
which is connected electrk^lly with the main apparatus 
and which can be supplied with the ink when it is nrK>unt- 
ed in the main assembly, or to a cartridge type recording 
head having an integral ink container. 

The provisions of the recovery means and/or the 
auxiliary means for the preliminary operation are pref- 
erable, because they can further stabilize the effects of 
the present invention. Examples of such mear^ include 
a capping means for the recording head, cleaning 
means therefore, pressing or sucking means, prelimi- 
nary heating means which may be the electrothermal 
transducer, an additional heating element or a combina- 
tion therec^. Also, means for effecting preliminary ejec- 
tion (not for the recording operation) can stabilize the 
recording operation. 

As regards the variation of the recordirig head 
mountable. it may be a single head corresponding to a 
single cok>r ink, or may be plural heads corresponding 
to the plurality of ink materials having different recording 
cotors or densities. The present irwentkjn is effectively 
applied to an af^ratus having at lec^t one of a rnono- 
chromatic nrKxle mainly with black, a multi-cotor mode 
with different color ink materials and/or a f ulkx>k>r mode 
using the mixture of the colors, whk:h rrtay be an inte- 
grally formed recording unit or a combinatk>n of plural 
recording heads. 

Furthermore, in the foregoing embodiments, the ink 
has been lk)uid. It also may be ink material which is sotkJ 
below the room temperature but I quid at room temper- 
ature. Since the ink is kept within a temperature between 
30^0 and 70*C, in order to stabilize the viscosity of the 
ink to provide the stabilized ejectk>n in the usual record- 
ing apparatus of this type, the ink may be such that it is 
Ik^uki within the temperature range when the recording 
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signal is the present invention is applicable to other 
types of ink. In one of them, the temperature rise due to 
the thermal energy is positively prevented by cxjnsuming 
it for the state change of the ink from the solid state to 
the liquid state. Another ink material is solidified when 
it is left, to prevent the evaporation of the ink. In either 
of the cases, in response to the application of the re- 
cording signal producing themnal energy, the ink is liq- 
uefied, and the liquefied ink may be ejected. Another ink 
material may start to be solidified at the time when it 
reaches the recording material. 

The present inventkxi is also applicable to such, an 
ink material as is Ik^uefied by the applkration of the ther- 
mal energy. Such an ink material may be retained as a 
liqukJ or solkJ material in through holes or recesses 
formed in a porous sheet as disck>sed in Japanese Laid- 
Open Patent Applcatk)n No. 54-56847 and Japanese 
Laid-open Patent Applicatkxi No. 60-71260. The sheet 
is faced to the electrothermal transducers. The most ef- 
fective one of the techniques described above is the film 
boiling system. 

The ink jet recording apparatus may be used as an 
output terminal of an information processing apparatus 
such as computer or the tike, as a copying apparatus 
combined with an image reader or the like, or as a fac- 
simile machine having informatbn sending and receiv- 
ing functions. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application Is intended to 
cover such modifications or changes as may come with- 
in the purposes di the improvements or the scope of the 
foltowing claims- 



Claims 

1. A recording head comprising: 

M X N recording elements which are divkied 
into N bkx:ks each having M recording ele- 
ments and are driven for every M recording el- 
ements N times; 

M X N driving circuits for energizing and driving 
said M X N recording elements; 
a selection circuit for outputting N block selec- 
tbn signals for selecting the N blocks to be di- 
visionally driven; 

an input circuit for inputting recording data cor- 
resporxiing to said M recording elements; and 
an output circuit for outputting a driving signal 
to sakJ driving circuits in accordance with the 
recording data input from said input circuit and 
the bkxk selectk>n signals. 

wherein said selectkxi circuit outputs the N block 
selection signals on the basis of L (L < N) control 
signals. 



2. A head according to claim 1 , wherein said output 
circuit comprises an AND circuit for cateulating 
ANDs between the bkx:k setectk>n signals and the 
recording data, and 

5 outputs the driving signal to sakJ driving cir- 

cuits on the basis of a cateulatbn result of said AND 
circuit. 

3. A head according to claim 2, wherein said output 
10 circuit calculates ANDs between M-bit input parallel 

recording data and the block selection signals, and 
outputs the driving signal for driving said recording 
elements on the basis of a calculation result. 

IS 4. A head according to claim 1 , wherein said input cir- 
cuit comprises 

a shift register for serially inputting and tempo- 
rarily storing the recording data in response to 
20 a supplied clock, and 

a latch circuit for latching the recording data 
stored in said shift register. 

5. A head according to claim 4, wherein said output 
2S circuit comprises an AND circuit for cak^ulating 

ANDs between the recording data latched by said 
latch circuit and the bkx:k selectkxi signals, and 

outputs the driving signal to saki driving cir- 
cuits in accordance with a cateulatbn result of saki 
30 AND circuit. 

6. A head according to claim 1 , wherein said input cir- 
cuit comprises 

35 a plurality of flip-flops for inputting and tempo- 

rarily hokiing the recording data, 
a latch circuit for latching the recording data 
stored in saki flip-flops, and 
a decoding circuit for inputting and decoding a 

40 selectbn signal, and selecting a flip-flop which 

shouW hokJ the recording data, from saki plu- 
rality of flip-flops in accordance with a decoding 
result 

45 7. A head according to claim 1 , wherein said recording 
elements comprise heaters. 

8. A head according to claim 7, wherein said recording 
head is a recording head whk^h ejects an ink by us- 

50 ing thermal energy generated from said heaters. 

9. A head according to claim 1 , wherein said recording 
head is an ink jet recording head which ejects an 
ink to perform recording. 

55 

10. A head according to claim 8, further comprising: 

means, arranged on a supply path of the driv- 
ing signal for performing ejectk»n in accordance with 
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the recording data to said heaters, for receiving the 
driving signal according to the recording data artd a 
heating signal for generating thermal energy to 
such a degree not to cause ejection, and tor sup- 
plying the driving signal to a heater to be driven in 
accordarK:e with the recording data, and the heating 
signal to a heater not to be driven in accordance 
with the recording data. 

11. A head according to claim 10, wherein said supply 
means includes a gate circuit element 

12. A head according to claim 11 . wherein said gate cir- 
cuit elenrtent is an OR gate circuit elenrtent. 

1 3. A head according to claim 11 , wherein said gate cir- 
cuit element is arranged midway along the supply 
path of the driving signal to M heaters. 

14. A head according to claim 11 , wherein said gate cir- 
cuit element is arranged on the supply path imme- 
diately before said driving circuit corresponding to 
said plurality of heaters. 

15. A recording apparatus comprising 

a recording head, said recording head compris- 
ing: 

M X N recording elements which are divided 
into N blocks each having M recording ele- 
ments and are driven for every M recording el- 
ements N times; 

M X N driving circuits for energizing and driving 
said M X N recording elements; 
a selection circuit for outputting N block selec- 
tk>n signals for selecting the N bkx^ks to be di- 
visionally driven; 

an input circuit for inputting recording data cor- 
resporxiing to said M recording elements; 
an output circuit for outputting a driving signal 
to said driving circuits in accordance with the 
recording data input from said input circuit and 
the block selectbn signals; 
wherein said selectkxi circuit outputs the N 
block selection sigrtals on the basis of L (L < N) 
control signals. 

means for supplying the recording data to said 
recording head; and 

means for supplying the L control signals to 
said recording head. 

16. An apparatus according to claim 15. wherein said 
output circuit comprises an AND circuit for calculat- 
ing ANDs between the block selectun signals and 
the recording data, and 

outputs the driving signal to said driving cir- 
cuits on the basis of a calculatkxi result of said AND 
circuit. 



17. An apparatus according to claim 16, wherein sakJ 
output circuit cak:ulates ANDs between M-bit input 
parallel recording data amJ the block setectkxi sig- 
nals, and outputs the driving signal for driving saki 

s recording elements on the basis of a calculatkxi re- 
sult. 

18. An apparatus according to claim 15, wherein sakJ 
input circuit comprises 

10 

a shift register for serially inputting and tempo- 
rarily storing the recording data in response to 
a supplied clock, and 

a tatch circuit for latching the recording data 
IS stored in sakJ shift register. 

19. An apparatus according to claim 18, wherein sakJ 
output circuit comprises an AND circuit for calculat- 
ing ANDs between the recording data latched by 

20 saki latch circuit and the bkxk selectkyi signals, 
and 

outputs the driving signal to sakJ driving cir- 
cuits in accordance with a cateulatkyi result of saki 
AND circuit. 

2S 

20. An apparatus according to claim 15. wherein saki 
input circuit comprises 

a plurality of flip-flops for inputting and tempo- 
30 rarity hokiing the recording data, 

a latch circuit for latching the recording data 
stored in saki flip-flops, and 
a decoding circuit for inputting and decoding a 
selection signal, and selecting a flip-flop which 
^ shoukl hoki the recording data, from sakJ plu- 

rality of flip-flops in accordance with a decoding 
result 

21. An apparatus according to claim 15, wherein sakJ 
^ recording elements comprise heaters. 

22. An apparatus according to claim 21. wherein sakJ 
recording head is a recording head which ejects an 
ink by using thenmal energy generated from saki 

^ heaters. 

23. An apparatus according to claim 22, further com- 
prising: 

means, arranged on a supply path of the driv- 
so mg signal for performing ejection in accordance with 
the recording data to saki heaters, for receiving the 
driving signal in accordance with the recording data 
and a heating signal for generating thermal energy 
to such a degree not to cause ejection and supply- 
55 ing the driving signal to a heater to be driven in ac- 
cordance with the recording data, and the heating 
signal to a heater not to be driven in accordance 
with the recording data. 



10 



24. 



EP 0 811 488 A2 



19 



An apparatus according to claim 23. further com- 
prising: 



means for generating the heating signai; and 
means for controlling supply of the heating sig- s 
nal in accordance with a temperature of said 
recording head, 

25. An apparatus according to claim 23. wherein said 
supply means includes a gate circuit element. io 

26. An apparatus according to claim 25, wherein said 
gate circuit element is an OR gate circuit element. 

27. An apparatus according to claim 25, wherein said is 
gate circuit element is arranged midway along the 
supply path of the driving signal to M heaters. 

28. An apparatus according to claim 25, wherein said 
gate circuit element is arranged on the supply path 20 
immediately before said driving circuit correspond- 
ing to said plurality of heaters. 

29. A driving circuit for a recording means or a recording 
apparatus or method using such a recording means 
wherein a number of control signals less than the 
number of blocks of recording elements in the re- 
cording means is used to supply block selection sig- 
nals to control, together with recording data signals, 
driving ol the recording elements. 30 

30. A driving circuit for a recording means or a recording 
apparatus or method using such a recording means 
having the features recited in any one or any com- 
bination of the preceding claims. 3S 
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